Abstract
Large Eddy Simulation (LES) is used to study the natural convection boundary layer and its behavior on a vertical heated cylinder of the flow inside a vertical shell and tube. This is a progress report on the work carried out problems regarding implementation of different boundary conditions and different numerical schemes are discussed. hot tube radius distance in radial direction perpendicular to tube @ 9 dimensionless distance from heated tube,
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Introduction
As natural convection heat transfer is an important phenomena which is dominant in a number of important and interesting flows, it is of large interest to study a generic natural convection boundary layer. With the advent of stronger computers with a larger capacity, Large Eddy Simulation (hereafter LES) has opened an interesting tool to study this flow.
The geometry for which current calculations have been carried out is based on an experimental shell and tube which is designed to study the natural convection heat transfer from a vertical cylinder and is shown in figure 1 . The simplified geometry is based on the real experimental rig shown in figure 2. The simplified configuration was evaluated and tested using RANS by Barhaghi et al. (2003) .
As LES computations require considerable time for achieving a fully developed flow, the initial boundary conditions are taken from a twodimensional RANS calculations (Barhaghi et al., 2003) .
Governing equations
The filtered Navier-Stokes equations in cylindrical coordinates read Continuity:
Convective time derivative:
Laplacian operator:
The -momentum equation: 
The energy equation:
in which:
In the above equations, the turbulent diffusive cross terms arising from
stands for filtered velocity vector, are neglected.
Numerical method
An incompressible, finite volume code is used . For space discretization, central differencing is used for all terms. The Crank-Nicolson scheme is used for time discretization. The numerical procedure is based on an implicit, fractional step technique with a multi-grid pressure Poisson solver and a non-staggered grid arrangement (Emvin, 1997) .
Boundary conditions
For the hot tube wall the temperature is set to 
Numerical oscillations
The central differencing scheme was initially used. It is important to use a discretization scheme with low/no numerical dissipation. However, this approach can give rise to unphysical fluctuations due to unboundedness of the central differencing scheme.
Severe problems of unphysical fluctuations have been encountered. Temperatures below £ § ¡ (!) were detected (recall that the lowest temperature should be ¢ ¡ ). The critical area was found to be the inlet region where laminar inlet boundary conditions were used. Two main approaches have been used to solve this problem. were stored on disk and they are used for prescribing instantaneous inlet profiles in the shell and tube simulation. With this approach we can use the nondissipative central differencing scheme everywhere.
Results
Some preliminary computations have been carried out. A grid with vertical, horizontal, circumferential) cells is used. In figure 3, velocity and temperature at different Grashof numbers 8 X are shown. Although the results are very preliminary, it can be noted that contrary to usual forced convection boundary layers, no logarithmic region is found in the natural convection boundary layer along the hot inner wall. This is in agreement with the theory in George & Capp (1979) . The maximum velocity region is located at 9 ¡ £ . This is in agreement with experimental findings in Tsuji & Nagano (1988) . In Tsuji & Nagano (1988) a linear region in the mean temperature profile is found, but not for the mean velocity profile. In the present preliminary simulations the linear region is very small both for temperature and velocity (inside 9
). However, for the mixed convection in the infinite channel both velocity and temperature profiles exhibit a linear region very similar to a forced convection boundary layer.
Figures 4 and 5 show the resolved Reynolds stresses at different heights.
Near future work
The computations will be carried out using many different grids. We are especially concerned about the spanwise extent ( c X
) and the spanwise resolution ( PSfrag replacements It is expected that this should have no significant effect. When this comprehensive grid study has been carried out, the results will be analyzed in detail, both instantaneously and in the mean. 
